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[57] ABSTRACT

A process for the preparation of chromic acid by the
electrolysis of dichromate and/or monochromate solu-
tions in electrolytic cells in which the anode chamber

and the cathode chamber are separated by a cation

exchanger membrane, the improvement wherein the
chromic acid content of the solution in the anode cham-
ber is periodically increased above that of a continuous

operating state.
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PROCESS FOR THE PREPARATION OF
CHROMIC ACID

This application is a continuation, of application Ser.
No. 393,446, filed Aug. 14, 1989 now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a process for the preparation
of chromic acid by the electrolysis of solutions of di-
chromates and/or monochromates in electrolytic cells
in which the anode chamber and cathode chamber are
separated by cation exchanger membranes.

2. Description of Related Art

According to CA-A-739 447, the electrolytic prepa-
ration of chromic acid (CrQO3) 1s carried out in an elec-
trolytic cell in which the electrode chambers are sepa-
rated by a cation exchanger membrane. A solution of an
alkali metal dichromate, generally sodium dichromate,
or of an alkali metal monochromate or of a mixture of
alkali metal dichromate and alkali metal monochromate
is introduced into the anode chamber and converted
into a solution containing chromic acid by selective
transfer of the alkali metal ions into the cathode cham-
ber through the membrane. The concentration of chro-
mic acid and of alkali metal ions in the solution leaving
the anode chamber may be adjusted to various values
by varying the quantity of alkali metal dichromate in-
troduced into the anode chamber of the cell and the
current intensity. The electrolysis is generally operated
under such conditions that constant ratios of chromic
acid to alkali metal ions are established in continuous
operation.

For the production of chromic acid crystals, the solu-
tions formed in the anode chamber of the cell are con-
centrated by evaporation so that crystallization takes
place at, for example, 60° to 100° C. The crystallized
chromic acid is then separated, washed and dried.

This process is accompanied by the formation of
deposits of compounds of polyvalent ions, in particular
of alkaline earth metal compounds, which impair the
function of the membrane within a short time until the
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membrane completely fails. The formation of these 45

deposits is due to the presence of small quantities of
polyvalent cations, in particular calcium and strontium
ions, in the alkali metal dichromate solutions used as
electrolytes, of the kind obtained from the industrial
processes described in Ullmann’s Encyclopedia of In-
dustrial Chemistry, Sth Edition, Volume A 7, 1986,
pages 67 to 97.

It was an object of the present invention to provide a
process for the preparation of chromic acid by electrol-
ysis which would be free from the disadvantages de-
scribed above. ;

It has surprisingly been found that the aforesaid dis-
advantages do not occur if the chromic acid content of
the solution in the anode chamber of the cell 1s periodi-
cally raised above that of a continuous operating state.

This invention relates to a process for the preparation
of chromic acid by the electrolysis of dichromate and-
/or monochromate solutions in electrolytic cells in
which the anode chamber and the cathode chamber are
separated by a cation exchanger membrane, character-
ised in that the chromic acid content of the solution in
the anode chamber is periodically increased above that

of a continuous operating state.
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This increase is preferably brought about by lowering
of the rate of throughput of the dichromate and/or
monochromate solution through the anode chamber of
the cell but may also be brought about by increasing the
current intensity up to 3-4 KA/m? and/or by an exter-
nal supply of chromic acid or of chromic acid solution.

In the process according to the invention, the peri-
odic increase in the chromic acid concentration is pref-
erably brought about after 1 to 100 days electrolysis.
The point in time chosen for carrying out this measure
depends on the concentration of polyvalent cations
present in the dichromate and/or monochromate solu-
tion. If these cations are present at very low concentra-
tions, the measure may be carried out after more than
100 days. The process according to the invention pre-
vents the formation of deposits and dissolves any depos-
its already formed so that the service life of the mem-
brane is considerably increased, thereby ensuring pro-
longed and continuous maintenance of the electrolytic
process.

The electrolytic cells used in the examples consisted
of anode chambers of pure titamium and cathode chams-
bers of refined steel. Cation exchanger membranes man-
ufactured by DuPont under the name Nafion R) 324

were used as the membranes. The cathodes consisted of

refined steel and the anodes of a titanium expanded
metal with an electrocatalytically active layer of tanta-
lum oxide and iridium oxide. Such anodes are for exam-
ple described in U.S. Pat. No. 3,878,083. The distance
between the electrodes and the membrane was in all
cases 1,5 mm. Sodium dichromate solutions with a con-

tent of 800 g/1 of NayCr0O7e 2H30 and with the con-
tents of impurities indicated in the individual examples

were introduced into the anode chambers.

Water was introduced into the cathode chambers at
such a rate that a 20% sodium hydroxide solution left
the cells. The temperature of electrolysts was in all
cases 80° C., and the current density was 3 KA/m?2 of
the projected area of the anode and cathode facing the
membrane, this area being 11.4 cm . 6.7 cm.

EXAMPLE 1 (COMPARISON)

The sodium dichromate solutions used in this test had
the following contents of alkaline earth 10ns:
calcium: 196 to 197 ppm
strontium: less than 0.5 ppm
magnesium: less than 0.5 to 1.1 ppm

These solutions were converted electrolytically into
chromic-acid-containing solutions in the above-
described electrolytic cell. The sodium dichromate
solutions were introduced at such a rate that a molar
ratio of sodium ions to chromium (VI) of about 0.8 was
formed 1n the anolyte leaving the cell. During the test,
the cell voltage increased rapidly from an initial 4.7 V
to 6.2 V and was 7.0 V after 18 days. The average cur-
rent efficiency during this period was about 68%. On
the 25th day, the cell voltage dropped to 3.8 V and the
current efficiency to about 469, which indicated that
the functioning of the membrane had deteriorated con-
siderably. At the end of the test, after 29 days, the mem-
brane was completely permeated with white deposits
which mainly consisted of calcium hydroxide. In addi-
tion, the membrane had bubbles about 3 to § mm in size
in several places, same of which had burst. The mem-
brane was, thus, no longer usable.
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EXAMPLE 2 (ACCORDING TO THE
INVENTION)

In this test, sodium dichromate solutions with the
following contents of alkaline earth ions were em- 5
ployed:
calcium: 196-201 ppm
strontium: less than 0.5 ppm
magnesium: less than 0.5 ppm

These solutions were converted into chromic-acid- 10
containing solutions 1n the above-described electrolytic
cell, the sodium dichromate solutions being introduced
at such a rate that alternating molar ratios of sodium
1ons to chromium (V1) of 0.8 and 0.4 were formed in the
anolytes. This was achieved by operating the electro- 15
lytic cells in such a manner that for 4 days at a time
molar ratios of sodium ions to chromium (VI) of 0.8
were formed 1n the anolyte and for 3 days at a time
molar ratios of 0.4 were formed in the anolyte.

In the course of the test, the cell voltage increased 20
from an initial 4.2 V to 5.2 V within 52 days. The aver-
age current efficiency was 40% over this period. On the
54th day, the voltage dropped to 3.9 V, and the average
current efficiency to 30%, which, as expldined in Exam-
ple 1, indicated a disturbance in the functioning of the 25
membrane.

At the end of the test, after 64 days, the membrane
fisplayed bubbles in the same way as the membrane of
“xample 1 and was permeated with white deposits. By
1s1ng the process according, to the invention, the life of 30
the membrane had, however, been considerably pro-
longed under the selected conditions with high calcium
contents in the electrolyte.

What i1s claimed 1s:

1. In a process for the preparation of chromic acid by 35
the electrolysis of dichromate solutions, monochromate
solutions, or a mixture of dichromate and monochro-
mate solutions in an electrolytic cell having an anode
chamber and a cathode chamber, which are separated
by a cation exchanger membrane, wherein dichromate 40
solutions, monochromate solutions, or a mixture of
dichromate and monochromate solutions are intro-
duced into and throughput through the anode chamber
and wherein a content of chromic acid is formed 1n a
solution in the anode chamber, wherein the improve- 45
ment comprises periodically increasing the chromic
acid content of the solution in the anode chamber above
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that of a continuous operating state of the cell and
thereby dissolving deposits of polyvalent cation impuri-
ties in the membrane.

2. Process according to claim 1, wherein the periodic
increase is carried out after a period of electrolysis of
from 1 to 100 days.

3. In a process for the preparation of chromic acid by
the electrolysis of dichromate solutions, monochromate
solutions, or a mixture of dichromate and monochro-
mate solutions in an electrolytic cell having an anode
chamber and a cathode chamber, which are separated
by a cation exchanger membrane, wherein dichromate
solutions, monochromate solutions, or a mixture of
dichromate and monochromate solutions are intro-
duced into and throughput through the anode chamber -
and wherein a content of chromic acid is formed in a
solution in the anode chamber, wherein the improve-
ment comprises periodically increasing the chromic
acid content of the solution in the anode chamber above
that of a continuous operating state of the cell, the peri-
odic increase in the chromic acid content being brought
about by lowering of the throughput of the dichromate
solutions, monochromate solutions, or mixture of di-
chromate and monochromate solutions through the
anode chamber.

4. In a process for the preparation of chromic acid by
the electrolysis of dichromate solutions, monochromate
solutions, or a mixture of dichromate and monochro-
mate solutions in an electrolytic cell having an anode
chamber and a cathode chamber, which are separated
by a cation exchangér membrane, wherein dichromate
solutions, monochromate solutions, or a mixture of
dichromate and monochromate solutions are intro-
duced into and throughput through the anode chamber
and wherein a content of chromic acid is formed in a
solution in the anode chamber, wherein the improve-
ment comprises periodically increasing the chromic
acid content of the solution in the anode chamber above
that of a continuous operating state of the cell, the peri-
odic increase in the chromic.acid content being brought
about by an increase in current intensity, by an external
supply of chromic acid or chromic acid solutions, or by
a combination of an increase in current intensity and an
external supply of chromic acid or chromic acid solu-

tions. |
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